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GENERAL PROCEDURE

We relocated 596 events from the EHBGTS database using available local stations at distances up
to 300 km. Stations beyond 300 km were not used for location but were associated by making their
phase arrivals nondefining. Two solutions per event were generally determined, first by using all
phases, and secondly by only making first arrivals (P only) defining. Events were selected from a
prioritized list covering 40 geographic regions in Europe, the Middle East and North Africa. The
procedure for event selection required choosing the largest, best recorded eventsin order of
descending magnitude and number of arrivals, and with depths less than 40 km. Up to 25 events
per geographic region were relocated.

L ocations were computed by using a graphical user interface (GUI) program to run version 1.1 of

LocSAT. The GUI, named “Locate”, allows interactive processing of event solutions with both
input and output in CSS3.0 format. Four output files were produced per location: origin, origerr,
arrival, and assoc tables. These CSS3.0 flat files, excluding the “arrival” table, were converted to
Oracle dumps and submitted to CMR for installation in their databases.

LocSAT input parameters follow the convention used at CMR, except that no SSSC corrections
were applied. The “deltim” parameter (standard deviation of arrival time) found in the “arrival”
table was always set to a value of 1.0 in the EHBGT5 database.

The EHB data consists of “groomed” ISC and other data in which the following regional phases are
generally identified: Pg, Sg, Lg, Pb, Sb, Pn, and Sn. In the review process, most phase types
remained unchanged, but many were renamed for consistency with epicentral distance, or if the
time residual indicated that a change may improve the hypocentral location. For example, at very
close distances, Pn or Pb phases were often changed to Pg. All Sg phases were renamed Lg since
the IASPEI91 travel tables are not available for Sg. The phase types of first arrivals for P and S
waves depended on epicentral distance and were generally assumed to be as follows:

Distance < 1.0 deg, Pg and Lg
Distance > 1.0 to < 1.4 deg, Pb, Sb or Lg
Distance > 1.4 deg, Pn, Sn or Lg.

The above general distance rules were somewhat flexible, however, and sometimes just Pg and Lg
were used instead of Pb and Sb, as is the practice at the IDC. Some consideration was given to the
original EHB phase types, since analysts in these regions (mostly Europe) may have greater
familiarity with the seismicity and crustal structure. This is especially true for Pb and Sb which



were commonly picked in the EHB at distances between 1.0 and 1.4, as described above. Asa
general rule, we did not pick phases as Pn or Sn for distances less than 1.4 degrees, even when
picked as such in the EHB database. Occasionally, aPn or Sn was changed to Pg or Lg,
respectively, at distances beyond 1.5 to 2.0 degreesiif the residual fit better. Pg and Lg are known
to be prominent arrivals in some parts of Europe, and may appear asthefirst arrival if earlier
phases are weak.

Arrivals were made defining or non-defining on the basis of arrival time residuals. The residual
limits were based largely on procedures used at the IDC, with an allowable excess of about 25%
over the limits since regional crustal models are not applied, and the IASPEI91 tables have more
error at regional distances. Later phases were made defining only if aprimary arrival was aso
defining.

RELOCATION RESULTS

Table 1 provides statistical resultsincluding error ellipses of relocated events, and the mean
distances between local network EHB locations and original EHB and I1SC solutions.

Table 2 consists of alisting of 596 EHB events sorted by Geographic Region Number (GRN)
showing the local network location results using all phases, including error ellipse parameters
(semi-major, semi-minor axes and strike). The difference between the revised and original EHB
locations are also given.

Table 3 consists of alisting of 594 EHB events sorted by GRN showing the local network location
results for P only, including error ellipse parameters (semi-major, semi-minor axes and strike). The
difference between the revised and original EHB locations are also given. Two events were
rejected due to poor convergence.

Identical results for both the “all phases” and “P only” runs occur for 12 events due to the lack of
later phases, but are included in the three Tables 1, 2, and 3. Therefore, a total of 582 events have
uniquely different solutions for each of the two runs.

The ISC database was searched for events common with the first set of 163 largest events from the
EHB database, including up to five events in each geographic region. At this time, the ISC
database does not contain the two most recent events, and a third event did not have an ISC
solution. The epicentral location comparison is therefore restricted to 160 common events, and the
results are shown in Table 1 and Figures 6 and 7 below.

We identified 10 EHB events common to the Reference Event List 1.0 (REL1.0) currently
displayed on the Group-2 web site. Only one event was classified as GT1 (No. 5 in table below).
The nine other reference events were assigned GT5. Figures 15, 16, and 17 show differences
between the REL1.0 locations and local network relocations using all phases, P only, and EHB
locations, respectively. Figure 18 shows the difference between REL1.0 and ISC locations for nine
common events (the most recent event is not currently available at ISC).



LIST OF 10 COMMON EVENTS IN EHB AND REFERENCE EVENT LIST 1.0

No. Oigin tine Latitude Longitude Depth nmb m Sour ce GT
1 1997/07/02 03:20:02. 720 42. 6552 0.6728 3.40 ROCA 5
2 1998/02/24 10:12:33.154 36.8285 -4.5687 11.85 MULTI MAX 5
3 1998/04/ 13 05:55:41.792 37.2134 -4.1984 7.12 MULTI MAX 5
4 1998/04/14 02:13:03.269 37.2192 -4.2053 7.68 MULTI MAX 5
5 1998/05/06 02:53:00.100 46. 2810 13.6960 5.10 3.99 4.20 ZIVCl C 1
6 1998/ 05/07 20:38:24.698 37.0570 -3.9325 5.26 MULTI MAX 5
7 1998/11/18 23:18:10.105 36. 9579 -3.7773 7.63 MULTI MAX 5
8 1999/02/02 13:45:16.801 38.1194 -1.4779 0.00 MULTI MAX 5
9 1999/06/07 10:03:12.652 37.2295 -3.6998 5.40 MULTI MAX 5

10 1999/10/04 18:14:26.450 42.8887 0. 6290 10.57 ROCA 5

Note that the seven events with source “MULTIMAX” were based on earlier relocations of IGN
arrival data within 250 km distance.

TABLE 1: STATISTICAL RESULTS

(1) ERROR ELLIPSE FOR 596 LOCAL NETWORK EHB RELOCATIONS, ALL PHASES

Mean Semi-Major Axis: 7.45 km

S.D. Semi-Major Axis: 0.12 km

Median of Semi-Major Axis: 6.8 km

Range of Semi-Major Axis: 2.7 to 28.1 km

Mean Area of error ellipses: 130.9 km*2

S.D. Area of error ellipses: 4.3 km*2

Median Area of error ellipses: 99.3 km*2

Range of Area of error ellipses: 19.4 to 812.2 km*2

(2) ERROR ELLIPSE FOR 594 LOCAL NETWORK EHB RELOCATIONS, P ONLY

Mean Semi-Major Axis: 10.18 km

S.D. Semi-Major Axis: 0.14 km

Median of Semi-Major Axis: 9.6 km

Range of Semi-Major Axis: 4.5 to 28.5 km

Mean Area of error ellipses: 238.6 km*2

S.D. Area of error ellipses: 5.6 km*2

Median Area of error ellipses: 199.6 km*2

Range of Area of error ellipses: 55.1 to 1146.1 km*2



(3) DISTANCE BETWEEN 596 EHB AND LOCAL NETWORK LOCATIONS, ALL PHASES

mean dist: 5.56 km

s.d. dist: 0.20 km

median distance: 4.58 km

range of distances. 0.21 to 48.65 km

(4) DISTANCE BETWEEN 594 EHB AND LOCAL NETWORK LOCATIONS, PONLY

mean dist: 5.43 km

s.d. dist: 0.20 km

median distance: 4.28 km

range of distances: 0.06 to 47.70 km

(5) DISTANCE BETWEEN 582 ALL PHASES AND PONLY LOCAL NETWORK
LOCATIONS

mean dist: 2.16 km

s.d. dist: 0.07 km

median distance: 1.78 km

range of distances: 0.04 to 14.63 km

(6) DISTANCE BETWEEN 160 COMMON EHB AND ISC EVENTS

mean dist: 5.09 km

s.d. dist: 0.36 km

median distance: 4.41 km

range of distances. 0.24 to 42.91 km

(7) DISTANCE BETWEEN 160 ISC AND LOCAL NETWORK EHB LOCATIONS, ALL
PHASES

mean dist: 6.98 km

s.d. dist: 0.42 km

median distance: 5.76 km

range of distances. 0.20 to 31.02 km

(8) PHASE ARRIVAL STATISTICS BASED ON 596 LOCAL NETWORK EHB
RELOCATIONS FOR ALL PHASES, DEFINING PHASES ONLY (DISTANCE < 300 KM)

total # defining arrivals: 22582

total # of renamed arrivals: 7567

percent of arrivals renamed: 33.5

number of non-Sg arrivals renamed: 4338
percent of non-Sg arrivals renamed: 22.4



(9) DISTRIBUTION OF ARRIVAL PHASE TYPES USED FOR RELOCATION

phase #arr percent

Pg 5674  25.1
Pb 2597 11.5
Pn 7221 32.0
Lg 3533 15.6
Sb 1366 6.1
Sn 2191 9.7

(10) DISTANCE BETWEEN 10 REFERENCE EVENTS AND LOCAL NETWORK EHB
LOCATIONS, ALL PHASES

mean dist: 2.00 km

s.d. dist: 0.47 km

median distance: 1.34 km

range of distances: 0.46 to 4.30 km

(11) DISTANCE BETWEEN 10 REFERENCE EVENTS AND LOCAL NETWORK EHB
LOCATIONS, PONLY

mean dist: 2.53 km

s.d. dist: 0.69 km

median distance: 1.69 km

range of distances: 0.31 to 6.57 km

(12) DISTANCE BETWEEN 10 REFERENCE EVENTS AND EHB

mean dist: 3.95 km

s.d. dist: 0.84 km

median distance: 3.34 km

range of distances: 1.06 to 9.30 km

(13) DISTANCE BETWEEN 9 REFERENCE EVENTS AND ISC

mean dist: 7.55 km

s.d. dist: 1.54 km

median distance: 6.22 km

range of distances: 2.26 to 18.20 km



596 RELOCATED EHB_GT5 EVENTS, ALL PHASES
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Figure 1. Local network relocations based on all phases for 596 events selected from the EHBGT5

database.



901 STATIONS WITH DEFINING ARRIVALS
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Figure 2. Location map of 901 stations with defining arrivals used in deriving the local network
relocations of 596 events shown in Figure 1.



596 EVENTS, EHB TO LOCAL NETWORK EHB, ALL PHASES
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Figure 3. A comparison of the 596 EHB and local network relocations based on all phases. Black
circles denote the EHB epicentral locations and the location-difference vectors point towards the
new local network locations. The average difference between the two locationsis 5.56 km. The
large differences for some events near Agaba may be due to mixed eventsin the EHB database.



594 EVENTS, EHB TO LOCAL NETWORK EHB, P ONLY
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Figure 4. A comparison of the 594 EHB and local network relocations based on P only. Black
circles denote the EHB epicentral locations and the location-difference vectors point towards the
new local network locations. The average difference between the two locationsis 5.43 km.
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582 RELOCATED EVENTS: ALL PHASES TO P ONLY
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Figure5. A comparison of the new local network EHB locations using all phases and those based
on P only for 582 common events. Black circles denote the locations based on all phases, and the
location-difference vectors point towards those based on P only. The average difference between
the two locationsis 2.16 km.
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160 COMMON EVENTS, EHB TO ISC
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Figure 6. A comparison of the EHB and ISC locations for 160 common events. Black circles
denote the EHB epicentral |ocations and the location-difference vectors point towards the ISC
locations. The average difference between the two locationsis 5.09 km.
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160 EVENTS, ISC TO LOCAL NETWORK EHB, ALL PHASES
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Figure 7. A comparison of the ISC and local network EHB |ocations based on all phases for 160
common events. Black circles denote the ISC epicentral locations and the location-difference
vectors point towards the new local network locations. The average difference between the two
locationsis 6.98 km.
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SEMI-MAJOR AXIS, 596 LOCAL NETWORK EHB, ALL PHASES
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5 Figure 8. Histogram showing the distribution of the semi-major axis of the error ellipse for 596 local network EHB locations based
on all phases.
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AREA ELLIPSE, 596 LOCAL NETWORK EHB,
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Figure 9. Histogram showing the distribution of the area of the error ellipse for 596 local network EHB locations based on
all phases.



DISTANCE, 596 EHB TO LOCAL NETWORK EHB, ALL PHASES
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- Figure 10. Histogram showing the distribution of distance separating the EHB and the new local network locations based on all
o phases for 596 events.
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SEMI-MAJOR AXIS, 594 LOCAL NETWORK EHB, P ONLY
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Figure 11. Histogram showing the distribution of the semi-major axis of the error ellipse for 594 local network EHB
locations based on P only.
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Figure 12. Histogram showing the distribution of the area of the error ellipse for 594 local network EHB locations
based on P only.
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DISTANCE, 594 EHB TO LOCAL NETWORK EHB, P ONLY
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Figure 13. Histogram showing the distribution of distance separating the EHB and the new local network |ocations based
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DISTRIBUTION OF DEFINING PHASE TYPES
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Figure 14. Bar chart showing a comparison of the distribution of 22,582 defining regional phase arrivals used for 596 local network

EHB relocations and those in the original EHBGTS5 database.
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10 EVENTS, REL1.0 TO LOCAL NETWORK EHB, ALL PHASES
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Figure 15. A comparison of 10 events common to the Reference Event List 1.0 (REL1.0) and local
network EHB relocations based on all phases. Black circles denote the REL 1.0 epicentral locations
and the location-difference vectors point towards the new local network locations. The average
difference between the two locations is 2.00 km. Events are numbered in chronological order.
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10 EVENTS, REL1.0 TO LOCAL NETWORK EHB, P ONLY
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Figure 16. A comparison of 10 events common to the Reference Event List 1.0 (REL1.0) and local
network EHB relocations based on P only. Black circles denote the REL 1.0 epicentral locations
and the location-difference vectors point towards the new local network locations. The average
difference between the two locations is 2.53 km.
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10 REFERENCE EVENTS, REL1.0 TO EHB
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Figure 17. A comparison of 10 events common to the Reference Event List 1.0 (REL1.0) and EHB
database using EHB locations. Black circles denote the REL 1.0 epicentral locations and the
location-difference vectors point towards the EHB locations. The average difference between the
two locationsis 3.95 km.
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9 REFERENCE EVENTS, REL1.0 TO ISC
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Figure 18. A comparison of 9 events common to the Reference Event List 1.0 (REL1.0) and ISC
database. Black circles denote the REL 1.0 epicentral locations and the location-difference vectors
point towards the 1SC locations. The average difference between the two locations is 7.55 km.

23



TABLE 2: LOCATION RESULTS, ALL PHASES

LOCAL NETWORK RELOCATI ONS (ALL PHASES) FOR 596 EHBGI5 EVENTS,
SCORTED BY GEOGRAPHI C REG ON NUMBER ( GRN)

ERROR_ELLI PSE DI STANCE
GRN EVID JDATE LAT LON SMAJ SM N STRIKE TO EHB
KM KM  DEG KM
337 83824 1981054 41.6425 45.9122 8.80 5.90 27.60 22.23
337 96413 1983002 41.6898 46. 0668 8.70 7.40 3.20 5.25
337 163946 1989351 41.7542 46. 1549 11.40 8.30 161.80 8.33
357 92939 1982182 48. 3089 22.2543 11.80 7.30 25.60 15. 05
358 97646 1983052 45. 3096 26.8336 6.90 4.00 114.90 6. 48
358 99336 1983123 45.3544 26.9030 6.50 4.70 107.00 4.89
358 126813 1986117 45.4826 26.9707 7.50 6.10 95.30 7.54
358 148811 1988202 45.3111 24.9965 5.90 4.80 5.10 8.85
358 173897 1990287 45.9274 26.9776 11.30 7.10 116.20 10. 64
358 184249 1991244 45.5373 26.9707 6.90 6.30 108.70 6.71
358 184253 1991244 45.5898 27.0412 9.90 6.40 51.90 5.36
358 195028 1992194 45.7095 27.1639 7.60 6.50 59.40 1.43
358 205957 1993127 45. 4606 25.3965 8.30 4.30 155.10 20. 49
358 244556 1995232 45.0741 27.5144 11.40 8.80 41.00 32.31
358 250797 1995332 45.3292 24.1430 6.40 5.30 18.20 10. 33
358 263155 1996163 45.5742 27.4096 6.10 4.80 36.70 8. 58
359 116415 1985094 42.1678 25.7736 8.60 7.20 128.00 13. 10
359 135332 1987053 42.2602 24.8834 8.50 5.30 0.50 13.78
359 136409 1987088 42.2129 25.3516 10.60 7.20 164.00 14.74
359 136754 1987102 42.4856 26.5931 13.60 7.80 12.70 2.14
359 137363 1987127 42.4958 26.5950 13.40 8.00 28.80 3.84
359 146248 1988103 42.4350 23.0688 15.70 4.90 106. 60 14. 03
359 153160 1988358 42.1892 25.1710 9.00 4.80 130.80 6. 82
359 157169 1989130 43. 2035 25.4006 18.30 7.80 2.80 16. 53
359 162483 1989299 42.4691 26.2627 8.90 5.90 179.70 8.67
359 163643 1989340 42.1171 24.8424 9.80 8.00 175.10 13. 37
359 184612 1991252 42.2585 25.5283 15.30 9.60 88.70 2.78
359 184685 1991254 42.3017 25.5478 7.70 6.10 106.20 2.82
359 184788 1991258 42. 2426 25.4127 7.00 5.70 57.40 2.71
359 252065 1995348 42.6269 23.3723 11.30 8.00 169.10 3.50
359 255046 1996033 42.7384 23.9818 12.50 8.90 10.70 2.45
359 259968 1996111 42.7592 23.5681 15.70 7.40 168. 20 16. 74
359 273770 1996324 42.1479 25.6530 8.70 6.90 87.60 11. 62
359 290243 1997241 42.3264 23.3962 10.10 6.90 97.90 3.59
362 100393 1983167 41.7120 44.8552 14.10 8.00 109.60 6. 58
362 103607 1983306 41.9250 44.2825 6.40 4.40 10.60 1.10
363 102198 1983240 41.7638 23.7100 9.30 4.30 142.60 13. 45
363 103149 1983285 41.1955 23.1714 4.50 3.90 4.00 4. 96
363 110259 1984226 41.7163 23.6816 8.10 4.40 145.40 6.91
363 137223 1987122 41.9211 24.6102 7.70 6.30 171.20 4. 84
363 140993 1987273 41.7613 23.7000 7.90 4.80 121.70 6. 20
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TABLE 3: LOCATION RESULTS, P ONLY

LOCAL NETWORK RELOCATI ONS (P ONLY) FOR 594 EHBGI5 EVENTS,
SCORTED BY GEOGRAPHI C REG ON NUMBER ( GRN)

ERRCR_ELLI PSE DI STANCE
GRN EVID JDATE LAT LON SVAJ SMN STRIKE TO EHB

KM KM DEG KM
337 83824 1981054 41.6365 45.9124 11.20 8.70 171.50 22.81
337 96413 1983002 41.6824  46.0761 13.30 9.30 143.70 5.60
337 163946 1989351 41.7623 46. 1455 12.40 8.80 161.60 9.14

357 92939 1982182 48. 3141 22.2718 15.10 8.80 28.90 14.51
358 97646 1983052 45.3148 26.8391 9.40 5.70 121.90 5.84
358 126813 1986117 45.5000 26.9751 9.30 7.40 91.00 5.58
358 148811 1988202 45.2977 24,9835 9.20 6.90 21.30 7.66
358 173897 1990287 45.9518 26.9856 12.30 8.70 112.30 7. 86
358 184249 1991244 45.5023 26.9578 10.10 7.80 116.40 3. 89
358 184253 1991244 45.5594 26.9671 13.50 10.00 60.40 1.63
358 195028 1992194 45. 6808 27.1292 10.90 9.30 88.10 3.75
358 205957 1993127 45.4237 25.4158 14.00 7.60 160. 20 16. 42
358 244556 1995232 45. 0840 27.5235 14.60 9.80 32.60 31. 30
358 250797 1995332 45. 3275 24.2114 11.20 8.30 21.70 11.73
358 263155 1996163 45.5843 27.4340 9.60 8.50 56.30 8.39

359 116415 1985094 42.1520 25.8015 12.30 8.80 149.40 12.94
359 135332 1987053 42.2785 24.8605 11.30 9.40 161.90 16. 24
359 136409 1987088 42.1968 25.3430 11.20 9.10 171.20 13. 43
359 136754 1987102 42.5459 26.6048 17.60 12.50 12.60 7.02
359 137363 1987127 42.4940 26.5709 14.10 10.00 19.70 3.78
359 146248 1988103 42.4281 23.0743 20.90 8.90 111.20 13.51
359 153160 1988358 42.1544 25.1733 12.50 8.40 127.40 4. 24
359 157169 1989130 43. 2086 25.4136 28.50 12.80 176.10 17.17
359 162483 1989299 42. 4837 26.2792 14.90 8.70 7.10 10. 58
359 163643 1989340 42.1152 24.8407 10.10 8.20 4.20 13. 22
359 184612 1991252 42.2539 25.5277 17.30 11.70 82.90 3.18
359 184685 1991254 42.2960 25.4762 10.80 10.00 172.70 8.74
359 184788 1991258 42.2808 25.4233 11.50 10.50 55.60 6. 94
359 252065 1995348 42.6252 23.3842 9.50 7.20 28.00 4.31
359 255046 1996033 42.7252 23.9708 13.70 9.30 10.90 4.15
359 259968 1996111 42.7812 23.5720 17.60 7.60 170.00 19. 17
359 273770 1996324 42.1709 25.6605 9.90 9.70 111.80 10. 50
359 290243 1997241 42.3360 23.3868 11.00 8.80 101.90 2.55
362 100393 1983167 41.6888 44.8237 16.90 10.60 105.50 2.98
362 103607 1983306 41.8993 44.3026 10.30 8.10 10.60 2.30
363 102198 1983240 41.7543 23.7465 12.50 7.50 139.90 11.21
363 103149 1983285 41.1977 23.1697 7.60 6.60 175.80 5.14
363 110259 1984226 41.6851 23.7172 12.80 7.70 146.10 2.77
363 137223 1987122 41.9384 24.5959 11.20 7.40 145.80 7.02
363 140993 1987273 41.7432 23.7256 14.40 8.40 137.50 3.70
363 153210 1988359 41.2254 23.2580 7.10 5.90 139.00 1.22
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